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SCHIFFBASE REDUCTANT CO-DISPENSE PROCESS 

BACKGROUND OF THE INVENTION 

5 1- Field of the Invention 

This invention relates to the detection of molecular interactions betv^^een biological 
molecules. Specifically, the invention relates to methods for producing apparatus for detecting 
molecular interactions between probe molecules immobilized on a microanay and target 
molecules exposed to flie microarray. The methods of the invention can be used to provide 
10 microarrays of oUgonucleotides for perfonning nucleic acid hybridization assays to detect 
molecular interactions between fixe oKgonucleotides on the microanay and nucleic acid target 
molecules obtained or produced fiom a biological sample. The invention also provides the 
apparatus produced using the inventive methods, and methods for performmg assays using said 
^ ^ apparatus for detecting molecular interactions between probe and target biomolecules. 

2- Background of the Tnvention 

Immobilization of DNA, RNA, peptides, and other biomolecules thixju^ chemical 
attachment to a solid support or within a matrix has become an important method of molecular 
biology and pharmacological research and clinical diagnostics. It is especially important in the 
0 manufacturing of microarray or chip-based technologies. Microanays have numerous 
apphcations. including diagnosis of disease, drug discovery, and genetic screening, among 
Others. 

Microfabricated arrays (biochips) of oligonucleotides and nucleic acids have utility in a 
wide variety of applications, including DNA and RNA sequence analysis, diagnostics of genetic 
. diseases, gene polymorphism studies, and analysis of gene expression. In the process of biochip 
fabncation. large numbers of probe molecules are bound to small, defined regions of a substrate 
Brochip substrates can comprise a number of substances, including glass slides, silicon wafers or 
polymeric hydrogels. The chemistries that may be employed to immobilize probe molecules to a 
biochip array are limited to those that will be compatible with a chosen substrate and further are 
lumted to those chemistries that wiU pemxit efficient attachment of a large number of different 
probe molecules to a single supporting substrate surfece. 
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Conventional metliods for attaching a biomolecule to a surface involve multiple reaction 
steps, often requiring chemical modification of the solid support itself, or secondary substrates 
such as hydrogels attached to a solid support, in order to provide an appropriate chemical 
functionality capable forming a covalent bond with the biomolecule. The efficiency of the 
5 attachment chemistry and strength of the chemical bonds fonned are critical to the fabrication 
and ultimate performance of the microanay. 

For arrays comprising polyacrylamide or other hydrogels, tiie necessary attachment 
functionality is cuirently provided by chemical modification of the hydrogel itself: amide, ester, 
or disulfide bonds are fonned between probe molecules and the polymeric constituents of the 

10 hydrogel after pol3mierization and crosslinking of the hydrogel. An unresolved problem with 
this approach is that the attachment chemistry is not optimally stable over time, especially during 
subsequent manufacturing steps, and under typical conditions of use, where the microaxray is 
exposed to hig^ temperatures, ionic solutions, and multiple wash steps. As a consequence, the 
number of probe molecules on the array can be depleted during use, thus reducing the 

15 performance and limiting the useful life of the array. In addition, these methods have an 
inherently low coupling efficiency. 

An alternative method is to covalently link an amine-terminated oligonucleotide to an 
available aldehyde moiety in the hydrogel matrix. In this reaction scheme, the initial product of 
the amine-aldehyde reaction is a chemically-reversible Schiff base. In order to stablize the bond 

20 between the solid support and the oligonucleotide, however, the Schifif base must be reduced. 
This has conventionally been achieved using a borane-pyridine complex dissolved in chloroform. 
However, a major disadvantage of this method for producing a stable covalent bond between the 
amine nitrogen and the aldehyde carbon atom is that the reaction must be performed as a three- 
phase reaction (the solid support, the aqueous hydrogel, and the organic borohydride). The 

25 triphasic natm-e of this reaction considerably lowers the reaction rate and yield of the reduction. 

There is thus a need in the art for novel biochip arrays using different means and methods 
for attaching and stabilizing probe molecules to substrates. In particular, there remains a need in 
the art for methods that more straightforwardly and efficiently provide a stable chemical bond 
between amine-terminal oligonucleotide and hydrogel polymers on biological microairays. 

30 
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SUMMARY OF THE INVENTION 
This invention provides methods for stabilizing amine-derivatized oUgonucIeotides and 
nucleic acids to aldehyde-functionalized soUd supports. In preferred embodiments, the solid 
support comprises a microanay as defined herein, and most preferably the micmanay further 
comprises a hydiogel matrix. The invention provides improved methods for forming a stable 
amine bond between an amme-containing biomolecules, most preferably an amino-teiminal 
oKgonucleotide or nucleic acid, and an aldehyde moiety comprising the polymeric component of 
the hydrogel. In preferred embodiments, the invention provides improved methods involving 
two phases.(soKd and liquid) to reduce an unstable Schifif base formed by contacting a solution 
of the amino-taminal oligonucleotide or nucleic acid with a hydiogel comprismg an aldehyde 
moiety. In preferred embodiments, sodium cyanoborohydride is used to reduce the Schiff base. 
Microarrays produced using the methods of the invention and methods of use thereof are also 
providei 

Sodium cyanoborohydride is advantageously used to reduce the unstable Schiff base 
because this reagent is soluble in aqueous solutions and it is more effective than reductants 
known in the prior art. The methods provided by the invention are dramaticaUy increased in 
reaction rate and yield of the stable amine adducL In addition, sodium cyanoborohydride can be 
dispensed simultaneously with DNA oUgonucleotides because of its aqueous solubility, does not 
adversely affect oligonucleotide mtegrity, or interfere with reaction of the tenninal amine with 
the bomKi aldehyde. These features climmate the requirement for perfonning a separate 
reduction step, which is not only time consuming but also hazardous. Further, these features 
&cilitate automation of microaiiay manufacturing. 

Specific preferred embodiments of the present invention wiU become evident from the 
foUowmg more detailed description of certam preferred embodiments and the clauns. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 is a. graph showing a comparison between DNA microairays produced using 
prior art boiane-pyridine complex as the reductant and DNA arrays made using the method of 
the invention using a co-dispensed solution of sodium cyanoborohydride (NaCNBHj) as the 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The invention provides methods for preparing oligonucleotide and nucleic acid 
microarrays for performing genetic and molecular biological assays and analyses. The methods 
of the invention use sodium cyanoborohydiide (NaCNBHa) to reduce a chemically-unstable 
5 Schiff base produced by reaction of an amine-containing biomolecules, most preferably an 
amino-temunal oligonucleotide or nucleic acid, and a solid substrate, most preferably a 
polymeric hydrogel, . comprising an aldehyde moiety. Adaptation of the methods disclosed 
herein for immobilizing peptide or polypeptide to microarrays is within the skill of those having 
ordinary skill in the art. The microarrays produced using this method and methods of use thereof 
10 are also provided herein. 

As used herein, the temis "probe" and 'T>iomoIecuIar probe" refer to a biomolecule used 
to detect a complementary biomolecule (referred to herein as a target molecule). Prefeired probe 
molecules include peptides, proteins, nucleic acids, polynucleotides and oligonucleotides, 
comprising deoxynucleotide linkages or analogues thereof known in the art (such as, inter alia, 
15 phosphorothioates and methylphosphonates). As used herein, the term "array" refers to an 
ordered spatial arrangement, particularly an airangement of immobilized biomolecular probes. 

As used herein, the terms "microarray," **bioarray," "^biochip" and "biochip array" refer 
to an ordered spatial arrangement of immobilized biomolecular probes arrayed on a solid 
supporting substrate. Biochips, as used in the art, encompass substrates containing arrays or 
20 microarrays, preferably ordered arrays and most preferably ordered, addressable arrays, of 
biological molecules that comprise one member of a biological binding pair. As used with the 
methods provided herein, such arrays are most preferably oligonucleotide arrays comprising a 
nucleotide sequence that is complementaiy to at . least one sequence that may be or is expected to 
be present in a DNA preparation obtained from a biological sample. 
* 25 As used herein, the term "array" refers to an ordered spatial arrangement, particularly an 

arrangement of immobilized biomolecular probes. As used herein, the term "addressable array" 
refers to an array wherein the individual elements have precisely defined x and y coordinates, so 
that a given element at a particular position in the array can be identified. 

The invention provides a biochip array of oligonucleotides comprising a supporting 
30 substrate having one or a plurality of test sites. The supporting substrate is advantageously made 
from any solid material, including but not limited to glass, silicon, silicon nitride, plastic, rubber, 
fabric, ceramics, printed circuit board, or combinations thereof Most preferably, the substrate 
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fbrtiier comprises a polymeric suxface, most preferably a hydrogel. comprising an aldehyde 
moiety. The supporting substrate typically has a smfece area of fiom about 0.01 prri^ and 5 cm^ 
more preferably 10.000 yra^ containing between 1 and 1 x 10« test sites, more preferably 10* tesi 
sues. As used herein, the term "test site" refers to a predefined region on a substrate to which a 
5 plurahty of probes, most preferably oHgonucleotide probes, are immobilized. n,e test site may 
have any convenient shape, e.g., circular, rectangular, elUptical. or wedge-shaped. In preferred 
embodonents. the test sites have a surface area of less than about 100 pml Hre test sites are 
preferably regularly spaced to provide a uniform spacmg between the test sites, and are arranged 
on the supporting substrate so that they are s^arated by a distance of fiom about 0.05 lun to 0 5 
10 mm. 

The probe molecules comprising the bioarray are preferably nucleic acids, peptides or 
proteuns. Most preferably, the probe molecules comprising the bioarray are nucleic acids 
ohgonucleotides. or combinations thereof. Oligonucleotide probe molecules preferably comprise' 
fiom about 10 to about 100, more preferably fi^m about 10 to about 50. and most preferably 
fiom about 15 to about 30. nucleotide residues. Nucleic acid probe molecules comprise from 
about 10 to about 5000 basepairs. more preferably from about 100 to about 1000 basepairs and 
most preferably from about 200 to about 500 basepair.. In one preferred embodiment of the 
present mvention, the probe molecules are aptamer. (i.e., oligonucleotides capable of interacting 
wxth target molecules such as peptides). Oligonucleotide or nucleic acid probe n^olecules can be 
immobilized using techniques known to those with skill in die art. wherein said immobilization 
does not interfere with or inhibit the abiUty of the probe molecules to interact ^viflr target 
molecules in the sample mixture. Most preferably, as described herein, the oligonucleotides 
contam an amino group at the 5' or 3' terminus, wherein the amino group is capable of being 
covalently linked to a cognate moiety on the substrate. In these embodiments, the substrate 
25 moiety is most preferably an aldehyde moiety. 

m preferred embodiments, the hydrogel surface of the substrate are composed of 
matenals including, but not limited to. polyacrylamide gel. agarose gel. polyethylene glycol 
cellulose gel. or sol gel. In preferred embodiments, die hydrogel comprises polyacrylamide gel 
m alternative embodiments of the present invention, the hydrogel comprises a conjugated 
polymer or copolymer fihn. Such conjugated polymer or copolymer fihn can be composed of 
matenals including, but not limited to, polypyrrole. polythiphene. polykniline. polyfinan 
polypyndine. polycarba^le. polypl^nylene. poIy(phenylenvmylene). polyfluorene. or 



20 



30 



X3CID: <WO_02391 13A2J_> 



wo 02/39113 



PCT/USOl/41912 



polyindole, or their derivatives, copolymers, or combinations thereof. In preferred embodiments, 
the hydrogel comprises a neutral pyrrole matrix. 

In the practice of the methods of the invention, an aldehyde-functionalized substrate, 
preferably a aldehyde-functionalized polymer matrix and most preferably an aldehyde- 
5 functionalized hydrogel matrix, is contacted with an amine-containing biomolecules, most 
preferably an amino-terminal nucleic acid in the presence of an effective amount of 
cyanoborohydride, for a time sufiScient to reduce the unstable reaction product of the aldehyde 
and amine moieties to a chemically-stable amine. Effective amounts of cyanoborohydride are 
firom about ImM to about 20mM, more preferably from about 2mM to about 10 roM, and most 

10 preferably about 5mM, for attaching 200-500 picolitres of an amino-terminated oligonucleotide 
at . a concentration of about 100-500pM. Preferred reaction conditions are essentially room 
temperature (about 25^C) under a humidified atmosphere (60-80% relative humidity). 

The Examples that follow are illustrative of specific embodiments of the invention, and 
various uses thereof. These Examples are set forth for explanatory purposes only, and is not to 

15 be taken as limiting the invention. 



In the attachment of DKA to a solid support, a solution containing amine- terminated 
20 DNA and sodium cyanoborohydride is added together to an aldehyde moiety immobilized on a 
solid support. The series of reactions that occur in this process is shown in Scheme I, below. 

Scheme 1 
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In the first reaction, the amine-terminated DNA is reacted with the hydrogel-immobilized 
aldehydes to form carbinolamine. Next, an mistable Schiff base is formed by the reversible 
elimination of a water molecule. The presence of sodium cyanoborohydride reduces the unstable 
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Schiff base, converting it into a secondary amine, driving the equilibrium of the leaction to the 
nght and stabilizes the attachment of the DNA oligonucleotides to the soUd support 

In the most preferred embodiment, the oligonucleotide and the leductant bxo dissolved 
together m 50 mM sodium phosphate buffer (pH 8); the concentration of sodium 
5 cyanoborohydride in the reaction mixture is 5 mM and the concentration of oligonucleotide is 
300 m, as determined in Example 2 below. Using piezoelectric or contact printing technology 
approximately 300 to 400 picoLitres (pL) of the oKgonucleotide^reductant solution is theii 
dispensed onto a polymeric substrate composed of acryJamide. bisacrylamide, and an aldehyde 
comonomer moiety. This Schiff base reduction process includes a two-hour mcubation at 250C 
10 and 80% relative humidity, to aUow it to proceed to completion. 

Storage tests have been perfomied in which amine terminated oUgonucleotides were 
stored in the presence of 5 mM sodium cyanoborohydride at room temperature for two weeks 
The storage of these solutions did not affect the attachment of the oUgonucleotides to a biochip 
nor did It damage the oligomrcleotides itself, as ascertained via oligonucleotide hybridization and 
smgle base extinction assays performed on biochips manufactiired with fliese stored 
oligonucleotides. 
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EXAMPLE 2 

Comparison of DNA arrays produced using NaCNBH3 as reductant to DNA arrays.Ejoduced 

using a CQnventioaa] rpHim.fanf ^ 

Results of experiments comparing sodium cyanoborohydride reduction of a Schiff base 
between an amino-terminal oligonucleotide and a hydrogel aldehyde mth reduction using 
borane-pyndme in chloroform are shown in Figure 1. The effects of inventive reduction process 
on micraarray perfonnance was assayed in three different ways: dye-labeled oligonucleotide 
loading, oligonucleotide hybridization and single-base extension assays. In all three cases assay 
performance was measured by fluorescent intensity. These data show that the optimal 
concentration of NaCNBHa ^ 5mM. as marked by the maximum fluorescence sigual shown in 
Figure 1. lUese data also show that flie hybirdization signal mtensity was increased four fold 
over the hybridization signal obtained fiom a DNA array made using tire conventional reducing 
agent, borane-pyridinecomplexinchloroform. SBE signalintensity was increased two fold over • 
tiie hybridization signal obtained from a DNA array made using tire conventional reducing agent 
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It should be understood that the foregoing disclosure emphasizes certain specific 
embodiments of the invention and that all modifications or alternatives equivalent thereto are 
within the spirit and scope of the invention as set forth in the appended claims. 
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1. A meaod forattaching a biomolecule to a soUd support or to a hydrogel 

surface on a solid support, the method comprising the steps of: 
contacting a primaiy or secondary amine moiety comprising the 
biomolecule with an aldehyde moiety on the suifece of the solid support or 
the hydrogel surfeie under conditions wherein a SchifFbase is formed 
between the amine moiety and the aldehyde moiety; and 
contacting the Schifif base with a solution of sodium cyanoboiohydride for 
a time and under conditions wherein the SchifFbase is converted to an 
amine. 

2. The method of claim 1 wherein the sodium cyanoborohydride comprises a 

solution containing an amine-comprismg biomolecule that is contacted with 
the aldehyde molecule on the surface of the solid support or the hydrogel 
surface. 

3. A method according to claim 2. wherein the cyanoborohydride and the amine- 

containing biomolecule are mixed together in solution and added 
simultaneously to the solid support or hydrogel surfece thereof 



4. 
5. 



Amethod according to claim 1, wherein the biomolecule is an oligonucleotide. 
A mediod according to claim 1. wherein the biomolecule is asingle-stranded 



DNA oligonucleotide. 
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^ 

6. A method according to claim 1, wherein the biomolecule is an KNA molecule. 

7. A method according to claim 1, wherein the biomolecule is a peptide. 

8. A method according to claim 1, wherein the biomolecule is a protein. 
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